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(57) ABSTRACT

A machining head for the laser machining of a workpiece.
The machiming head may include a first interface for a
machining laser source for emitting a machining laser beam,
a second 1interface for an 1illumination light source for
emitting an i1llumination light beam, an exit opening for the
machining laser beam and the illumination light beam, a
third interface for a detector device for detecting the illu-
mination light beam retlected from the workpiece, and guide
optics for at least partial coaxial guiding of the emaitted
illumination light beam through the exit opening and of the
illumination light beam reflected from the workpiece,
through the exit opening, to the third interface. The guide
optics have a polarising beam splitter for guiding at least part
of the emitted 1llumination light beam 1n the direction of the
exit opening, and a retardation plate between the polarising
beam splitter and the exit opening.

20 Claims, 7 Drawing Sheets
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MACHINING HEAD AND METHOD FOR
LASER MACHINING

The present invention concerns a machining head for laser
machining of a workpiece, 1n particular for laser cutting,
according to claim 1, the use of such a machining head
according to a further independent claim and a method for
laser machining of a workpiece, 1 particular for laser
cutting, 1n particular with a machining head, according to a
turther independent claim.

Process monitoring, 1.e., the monitoring of a machinming
process, 1s becoming increasingly important for the laser
machining of workpieces, 1 particular for laser cutting.
Attempts have been made for some time to make the process
light generated during cutting usable for monitoring and
control purposes. For this purpose, the machining zone of
the workpiece, also called the process zone, can be viewed
in a spatially resolved manner by means of camera technol-
ogy or another detector. This holds great potential for
process analysis, since in addition to the process light
intensity, geometric information, 1n particular about the kert,
can be obtained. However, not only can the process light be
used to obtain geometric information, the process zone can
additionally or alternatively be actively 1lluminated.

In the case of a machining head for laser machining, the
machining laser beam and the illuminating light can be
directed onto the workpiece through an exit opening. If the
illuminating light reflected from the workpiece 1s detected
with a camera inside the machiming head, the 1lluminating
light has to pass the exit opening twice, from the 1llumina-
tion light source to the process zone and back again 1n the
direction of the camera. The exit opening can be relatively
small depending on the type of laser machining. During laser
cutting, for example, depending on the cutting process and
the cutting gas used, an aperture in the exit opening of the
machining head (also called a nozzle) can have a very small
shutter diameter. In such a case, a very steep angle of
incidence for the illuminating light 1s therefore desirable.

In the case of a machining head, the exit opeming and the
camera can be arranged coaxially. In addition, the machining
laser beam and the 1lluminating laser beam can be guided
coaxially onto the workpiece, for example via one or more
coupling mirrors. FIG. 1 schematically shows a laser cutting
head 10 with an exit opening 12, a camera 14 arranged to be
coaxial with the exit opening, a beam splitter 16 for the
1lluminating light, an illumination light source 18, a machin-
ing laser source 20, a dichroic mirror 22 for deflecting the
machining laser beam and a workpiece 24 to be processed.

Typically, a 50:50 beam splitter 1s used as the beam
splitter 16, which reflects 50% of the illuminating light and
transmits 50%. A splitting of the 1lluminating light intensity
into retlected and transmitted light 1s desirable, because
initially the illuminating light 1s deflected at the beam
splitter 1n the direction of the exit opening 12 and workpiece
24 and, after being reflected on the workpiece 24 and
passing through the exit opeming 12 again, 1s transmitted
through the beam splitter 16 to the camera 14. With a 50:50
beam splitter, however, only a maximum of 23% of the
emitted 1lluminating light can be used. When the 1lluminat-
ing light 1s deflected, 50% of the light 1s lost, and when the
illuminating light 1s transmitted, another 50% 1s lost. The
machining process 1s therefore monitored on the camera 14
with a low 1llumination light yield. Furthermore, undesired
reflections of the illumination light beam can occur at
boundary surfaces and at boundary layers on optical ele-
ments, for example of laser optics and shutters, as well as on
other components of a machining head. FIG. 2 shows the

10

15

20

25

30

35

40

45

50

55

60

65

2

laser cutting head 10 with an i1llumination light beam 28 and
essential reflection points 29 of the laser cutting head 10, at
which undesired reflections of the i1llumination light beam
28 typically arise. FIG. 3 shows an exemplary camera
recording of a kerf 30 with such interfering reflections 32.
However, the low illumination light yield at the camera
and/or interfering reflections reduce the informative value of
the camera recordings that are obtained during the monaitor-
ing of the machining process.

An exemplary laser optics 1s described 1n US 2006/
0196860 Al, in which a rotatable machining laser beam 1s
generated with two lambda/2 plates and a rotatable refrac-
tion optics there between. DE 102011119478 B4 proposes a
coupling mirror for the illuminating light which 1s centrally

reflective and peripherally transparent. Further optics of
laser machining devices are described in US 2016/0193692

Al; DE 102018205545 Al; DE 102015121988 Al; US
2017/0043431 Al. EP 2886239 Al relates to a method and
a device for monitoring and regulating the machining path 1n
a laser joining process. Above a dichroic beam splitter a
polarization beam splitter and a A/4 plate are installed.
[Nlumination laser radiation diffusely scattered from the
workpiece surface 1s circularly polarized and is transformed
into linearly polarized radiation above the A/4 plate and
transmitted by the polarization beam splitter. However,
interfering reflections of the illumination laser radiation may
OCCUL.

The object of the invention 1s to specily a machining head
and a machining method that enable meaningful monitoring
of the machining process.

This object 1s achieved with a machining head according
to claim 1, a machining device according to claim 10, and a
method for laser machining of a workpiece according to
claim 11.

A first embodiment of the invention relates to a machining

head for laser cutting of a workpiece, with a first interface
for a machining laser source for emitting a machining laser
beam; a second interface for an 1llumination light source for
emitting a linearly polarised 1llumination light beam; an exit
opening for the machining laser beam and the 1llumination
light beam; a third interface for a detector device {for
detecting the illumination light beam reflected from the
workpiece; and guide optics for at least partial coaxial
guiding of the emitted 1llumination light beam through the
exit opening and of the illumination light beam reflected
from the workpiece through the exit opening to the third
interface. Thus the guide optics show:
a polarising beam splitter for the gmiding at least part of the
emitted linearly polarised illumination light beam 1n the
direction of the exit opening; and a retardation plate
arranged between the polarising beam splitter and the exat
opening for converting at least a portion of the emaitted
linearly polarised illumination light beam into a circularly
polarised 1llumination light beam and for converting at least
a portion of the circularly polarised illumination light beam
reflected from the workpiece into a linearly polarised 1illu-
mination light beam. The retardation plate 1s the optical
clement of the guide optics closest to the exit opening. In the
guide optics at least one optical element for collimating
and/or focusing the illumination light beam 1s positioned
between the retardation plate and the polarising beam split-
ter. A machining laser optics arranged between guide optics
and exit opening 1s provided.

Due to the combination of the polarising beam splitter and
the retardation plate, the optical guide means that the polari-
sation of the 1lluminating light emitted by the illumination
light source can be used advantageously. During operation
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of the machining head, up to 100% of the emitted 1llumi-
nating light, 1.e., 4 times more than with a 50:50 beam
splitter, can be guided in the direction of the exit opening
and ultimately used for detection and thus for monitoring the
machining process. The illumination light yield for moni- 5
toring the process 1s therefore optimised. Another advantage

1s that interfering reflections are reduced. This 1s because the
reflections of the emitted linearly polarised illuminating
light between the 1llumination light source and the retarda-
tion plate do not change the linear polarisation of the emitted 10
illuminating light. In the event of undesired reflections that
can occur, the illuminating light 1s at worst returned to the
illumination light source by the polarising beam splitter and
does not 1nterfere with the detector recordings. In addition,
interference of the emitted and reflected 1lluminating light 1s 15
avoided in the guide optics. In addition, commercially
readily available, proven and inexpensive optical elements
can be used.

The polarising beam splitter and the retardation plate can
cach be selective for a wavelength range, 1n particular for a 20
wavelength range of the 1llumination light beam, 1n particu-
lar for a wavelength range around the wavelength of the
illumination light beam. In this way, the i1llumination light
yield at the detector device 1s increased.

The polarising beam splitter can be designed and/or 25
aligned to deflect and/or retlect more than 90%, preferably
between 90% and 100%, more preferably between 95% and
99%, of the linearly polarised 1llumination light beam 1n the
direction of the retardation plate. The polarising beam
splitter can also be designed and/or aligned to transmit at 30
least a portion, 1n particular more than 80%, preferably
between 80% and 100%, more preferably between 90% and
99%, of the illumination light retlected from the workpiece,
in particular to transmit 1n direction of the third interface.
This allows the optical elements of the guide optics to be 35
arranged within a small space, since the polarising beam
splitter can both detlect the 1lluminating light 1n the direction
of the exit opening and transmit the reflected 1lluminating
light in the direction of the third interface.

The retardation plate can be designed as a Quarter-wave 40
plate. The retardation plate can also be designed and/or
aligned to convert the emitted linearly polarised illumination
light beam, in particular more than 90%, preferably between
90% and 100%, more preferably between 95% and 99% of
the emitted linearly polarised illumination light beam, into a 45
circularly polarised 1llumination light beam. The retardation
plate can furthermore be designed and/or aligned to convert
the circularly polarised illumination light beam reflected
from the workpiece, 1n particular more than 90%, preferably
between 90% and 100%, more preferably between 95% and 50
99% of the circularly polarised illumination light beam
reflected from the workpiece, into a linearly polarised illu-
mination light beam. In particular, the retardation plate can
be designed to convert the retlected 1llumination light beam
into a linearly polarised i1llumination light beam, the polari- 55
sation plane of which 1s perpendicular to the polarisation
plane of the emitted linearly polarised illumination light
beam. With these designs of the retardation plate, 1t 1s
possible to minimise or exclude interference from the emit-
ted and reflected illuminating light. 60

The first interface can be connected to or provided with a
machining laser source for emitting a machining laser beam.

The second interface can be connected to or provided with
an 1llumination light source for emitting a linearly polarised
illumination light beam. The alignments of the 1llumination 65
light source, the polarising beam splitter, and/or the retar-
dation plate, 1n particular the respective rotational alignment

4

thereol with respect to the central axis of the beam path of
the 1llumination light beam, can be coordinated with one
another. The tuning can 1n particular be carried out relative
to the plane of polarisation of the emitted linearly polarised
illumination light beam. The deflection of the emitted 1llu-
mination light beam at the polarising beam splitter and/or
the conversion of the emitted 1llumination light beam at the
retardation plate can thus be optimised. At least one element
selected from the second interface, the illumination light
source, the polarising beam splitter and the retardation plate
can be designed to be rotationally adjustable and/or rotat-
able, 1n particular with respect to the central axis of the beam
path of the i1llumination light beam. For example, the rota-
tional alignment of the polarising beam splitter 1s specified
in relation to the central axis of the beam path of the
illumination light beam, and the rotatory alignments of the
illumination light source and the retardation plate are
selected or adjusted, or are selected or adjusted 1n relation to
the central axis of the beam path of the i1llumination light
beam, such that the illumination light beam at the polarising
beam splitter 1s at least partially deflected 1n the direction of
the retardation plate and 1s at least partially converted by the
retardation plate into a circularly polarised 1llumination light
beam.

Furthermore, the third interface can be connected or
provided with a detector device for detecting the 1llumina-
tion light beam reflected from the workpiece through the exat
opening, in particular for detecting the illuminating light
which 1s linearly polarised by the retardation plate. The
retardation plate 1s the optical element of the guide optics
closest to the exit opening. Furthermore, the guide optics can
have at least one optical element for collimating and/or
focusing the illumination light beam. In the guide optics at
least one optical element for collimating and/or focusing the
illumination light beam 1s positioned between the retardation
plate and the polarising beam splitter. This allows, when the
at least one optical element of the guide optics 1s set, e.g.
adjusted, to sharply image the process light emitted by the
machining zone and/or the illumination light retlected from
the machining zone onto the detector device, to simultane-
ously direct, 1n particular focus and/or collimate, the 1llu-
mination light beam onto the machining zone of the work-
piece 1n an advantageous way. This allows synchrony of
both 1imaging processes performed on the illumination light
(directing onto the machining zone and 1maging onto the
detector device), a reduction of the number of optical
clements needed for both imaging processes, and a cost
saving as well as a space saving configuration of the guide
optics within the machining head.

In addition, the guide optics can contain at least one
shutter between the exit opening and the third interface.
Machining laser optics arranged between guide optics and
exit opening 1s provided. Furthermore, the guide optics and
the machining laser optics can be designed for coaxially
guiding the illuminating laser beam and the machining laser
beam through the exit opening.

The exit opening and the third interface for the detector
device can be arranged to be coaxial, in particular coaxial
with respect to the direction of the incidence of the machin-
ing laser beam on the workpiece. The exit opening can also
be circular and/or have a diameter of 0.8 to 6 mm.

Another embodiment relates to a machining device for
laser machining of a workpiece, with a machining head
according to one of the preceding embodiments.

Another embodiment provides a use of a machining head
according to one of the preceding embodiments or a machin-
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ing device according to the above embodiment for laser
machining of a workpiece, 1n particular for laser cutting.

One embodiment relates to a method for laser cutting of
a workpiece with a machining head or a machining device
according to one of the preceding embodiments, with the
steps: emitting a machining laser beam from a machining
laser source at a first interface of a machiming head and
irradiating a workpiece, 1n particular a machining zone of
the workpiece, with the machiming laser beam through an
exit opening ol the machining head; emitting a linearly
polarised i1llumination light beam from an 1llumination light
source at a second interface of the machining head; guiding
the emitted 1llumination light beam by means of guide optics
of the machining head through the exit opening and 1llumi-
nating the workpiece, 1n particular illuminating the machin-
ing zone, and guiding the i1llumination light beam reflected
from the workpiece through the exit opening by means of the
guide optics to a detector device at a third interface of the
machining head, wherein the emitted and the reflected
illumination light beam are guided at least partially coaxi-
ally; wherein the guide optics have a polarising beam splitter
and a retardation plate arranged between the polarising beam
splitter and the exit opening; by means of the polarising
beam splitter, at least part of the emitted linearly polarised
illumination light beam 1s guided 1n the direction of the exit
opening, in particular in the direction of the retardation
plate; and by means of the retardation plate, at least part of
the emitted linearly polarised illumination light beam 1s
converted 1nto a circularly polarised i1llumination light beam
and at least a part of the circularly polarised 1llumination
light beam reflected from the workpiece 1s converted into a
linearly polarised illumination light beam. At least one
optical element of the guide optics, which 1s positioned
between the retardation plate and the polarising beam split-
ter, collimates and/or focusses the emitted linearly polarised
illumination light beam and the converted linearly polarised
illumination light beam.

In the method, the polarising beam splitter and the retar-
dation plate can each be selectively selected or adjusted for
a wavelength range, 1n particular for a wavelength range of
the i1llumination light beam, in particular for a wavelength
range around the wavelength of the 1llumination light beam.

Furthermore, 1n the method, the polarising beam splitter
can deflect and/or retlect more than 90%, preferably between
90% and 100%, more preferably between 95% and 99%, of
the linearly polarised illumination light beam 1n the direction
of the retardation plate. In addition, the polarising beam
splitter can transmait at least part, in particular more than
80%, preferably between 80% and 100%, more preferably
between 90% and 99%, of the illumination light reflected
from the workpiece, 1n particular 1n the direction of the third
interface. Furthermore, the polarising beam splitter can be
aligned 1n the direction of the retardation plate for detlecting
and/or reflecting the emitted linearly polarised illumination
light beam. Alternatively or additionally, the illumination
light source can be aligned for deflecting and/or reflecting
the linearly polarised illumination light beam by means of
the polarising beam splitter 1n the direction of the retardation
plate. Furthermore, the polarising beam splitter can be
aligned for transmitting the illuminating light reflected from
the workpiece through the polarising beam splitter.

In the method, a Quarter-wave plate can be selected as the
retardation plate. In addition, more than 90%, preferably
between 90% and 100%, more preferably between 95% and
99%, of the emitted linearly polarised illumination light
beam can be converted into a circularly polarised illumina-
tion light beam by the retardation plate. In particular, the
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6

retardation plate can be aligned to convert more than 90% of
the emitted linearly polarised i1llumination light beam 1nto a
circularly polarised i1llumination light beam. In addition, by
means ol the retardation plate, more than 90%, preferably
between 90% and 100%, more preferably between 95% and
99%, of the circularly polarised illumination light beam
reflected by the workpiece can be converted 1nto a linearly
polarised illumination light beam, in particular into a lin-
carly polarised illumination light beam, the plane of polari-
sation of which 1s perpendicular to the plane of polarisation
of the emitted linearly polarised illumination light beam.
The retardation plate can be aligned to convert more than
90% of the circularly polarised illumination light beam
reflected from the workpiece into a linearly polarised illu-
mination light beam.

The method can further include: machining the workpiece
with the machiming laser beam; and/or detecting, with the
detector device, at least a part of the 1llumination light beam
reflected from the workpiece through the exit opening, in
particular at least a part of the circularly polarised 1llumi-
nation light beam retlected from the workpiece and con-
verted with the retardation plate mnto a linearly polarised
illumination light beam. In the method, at least one optical
clement of the guide optics, which 1s positioned between the
retardation plate and the polarising beam splitter, can be set,
¢.g. adjusted, to sharply image at least a part of the process
light emitted by the workpiece and/or at least a part of the
converted linearly polarised 1llumination light beam onto the
detector device. Thereby the emitted linearly polarised 1llu-
mination light beam can be simultaneously directed, in
particular focussed and/or collimated, onto the machiming
zone of the workpiece.

With the devices for laser machiming of a workpiece of the
above embodiments, the same advantages and functions can
be realised as with the embodiments of the method for laser
machining of a workpiece, 1n particular with 1dentical and/or
analogous features.

Further features and efliciencies arise from the following
description of exemplary embodiments, the figures and the
dependent claims. The above-mentioned features and those
described below can be used without departing from the
scope of the present mmvention not only in the respective
combinations indicated, but also 1n other combinations or in
1solation.

The mvention 1s explained 1n more detail below on the
basis of exemplary embodiments with reference to the
accompanying drawings, which likewise disclose features
that are essential to the invention. These exemplary embodi-
ments are used for illustration purposes only and are not to
be construed as limiting. For example, a description of an
exemplary embodiment with a large number of elements or
components should not be iterpreted to the effect that all of
these elements or components are necessary for implemen-
tation. Rather, other exemplary embodiments can also con-
tain alternative elements and components, fewer elements or
components, or additional elements or components. Ele-
ments or components of different exemplary embodiments
can be combined with one another, unless otherwise stated.

Modifications and variations which are described for one
of the exemplary embodiments can also be applied to other
exemplary embodiments. To avoid repetition, elements that
are the same or that correspond to one another are denoted
by the same reference symbols 1n different figures and are
not explained more than once. The figures show:

FIG. 1 schematically shows an exemplary known laser
cutting head 10;
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FIG. 2 schematically shows the laser cutting head 10
during operation of the 1llumination light source;

FIG. 3 shows an exemplary camera recording of a kerf
with interfering reflections, which was obtamned with a
machining head structurally corresponding to the laser cut-
ting head 10;

FIG. 4a schematically shows a machining head 100 for
laser machining of a workpiece;

FIG. 45 schematically shows a machining head 100 for
laser machining of a workpiece while the i1llumination light
source 1s 1n operation;

FIG. 5§ schematically shows the machining head 100 with
a machining laser source 120, a dichroic mirror 122, an
illumination light source 118 and a detector device 114
during operation of the illumination light source and the
machining laser source; and

FIG. 6a, b schematically show the machining head 100
during operation of the illumination light source.

In the following, 1n the case of described value ranges, it
1s understood that the specification of a broad range with
narrower alternative or preferred ranges also discloses
ranges that can be formed by any arbitrary combination of
specified lower range limits and specified upper range limats.
The term “emaitted” 1lluminating light or “emuitted” 1llumi-
nation light beam and modifications thereof refer to the
illuminating light or the 1llumination light beam aiter being
emitted from the 1llumination light source all the way to the
workpiece. The term “reflected” illuminating light or
“reflected” illumination light beam and modifications
thereol refer to the i1lluminating light or the illumination
light beam after reflection on the workpiece all the way to
the third interface or to the detector device.

FIGS. 4a and 4b show, as an exemplary embodiment of
the mnvention, a machining head 100 for laser machiming of
a workpiece. The machining head 1s provided with a first
interface 102 for a machining laser source for emitting a
machining laser beam (not shown); a second intertace 104
for an 1llumination light source for emitting a linearly
polarised illumination light beam 128; an exit opeming 112
for the machining laser beam and the i1llumination light
beam: a third interface 106 for a detector device for detect-
ing the i1llumination light beam retflected from the work-
piece; and guide optics 116, 117 for at least partial coaxial
guiding of the emitted 1llumination light beam through the
exit opening and the 1llumination light beam reflected from
the workpiece through the exit opening to the third interface.
The 1llumination light beam 128 generated during operation
1s 1llustrated 1n FI1G. 45 with a dashed line. The guide optics
have the following: a polarising beam splitter 116 for
guiding of at least part of the emitted linearly polarised
illumination light beam 1n the direction of the exit opening
112; and a retardation plate 117 arranged between the
polarising beam splitter 116 and the exit opening 112 for
converting at least part of the emitted linearly polarised
1llumination light beam into a circularly polarised 1llumina-
tion light beam and for converting at least a part of the
circularly polarised 1llumination light beam reflected from
the workpiece into a linearly polarised illumination light
beam.

FIG. 5 shows the machining head 100 with a machiming
laser source 120 provided at the first interface 102, a
dichroic mirror 122 for deflecting the machining laser beam
129, an illumination light source 118 attached to the second
interface 104, and a camera 114 attached to the third
interface 106 as a detector device. In the present example, a
monochromatic CMOS camera 1s used which 1s sensitive to
a wavelength range from 400 to 800 nm. In front of the
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camera 114, 1.e., at the third intertace 106, a narrow-band
filter 1s provided with passband filtering around the central
illumination wavelength. In addition, a lens 124 for the
illumination light beam 1s shown as an optional optical
clement, for example a focusing lens or a collimation lens,
which 1n the present example 1s positioned between the
retardation plate 117 and the polarising beam splitter 116.
Another optional element can be a shutter 125. For example,
the shutter 125 can be arranged above the lens 124, as shown
in FIG. 5, or at the third interface 106. A shutter (narrowing)
can be advantageous with regard to the depth of field of the
camera recordings.

In an alternative example, the camera 114 can be provided
at the second 1nterface 104 and the illumination light source
118 can be provided at the third interface 106, 1.e., the
camera 114 and the 1llumination light source 118 are inter-
changed 1n comparison with the example of FIG. 5. In this
case, the polarising beam splitter 116 1s aligned such that 1t
1s transmissive for the i1llumination light beam 128 emuatted
from the source 118 and reflective for the illumination light
beam 128 retlected on the workpiece 24. The polarising
beam splitter thus allows the emitted 1llumination light beam
128 to pass at least partially in the direction of the exit
opening 112 and at least partially detlects the 1llumination
light beam 128 reflected on the workpiece 24 to the camera
114.

To machine the workpiece, 1n the example i FIG. 5, the
machining laser source 120 and the 1llumination light source
118 are put 1into operation and the machining laser beam 129
(shown with a dashed line 1n FIG. §) and the illumination
light beam 128 are guided laterally into the machining head
100. By means of the polanising beam splitter 116 or by
means of the dichroic mirror 122, which 1s transparent to the
illumination light beam, the emitted 1llumination light beam
128 and the machining laser beam are deflected and guided
coaxially to the exit opening 112. The i1llumination light
beam reflected from the workpiece through the exit opening
112 1s guided coaxially with the machining laser beam and
the 1llumination light beam to the camera 114.

If the machining head 100 1s used, for example, 1n a
cutting process, a narrow-band 1llumination with stmultane-
ous filtering of the detected wavelength 1s beneficial for
optimal camera recording conditions during the cutting
process. In this way, a high level of information can be
obtained, particularly with regard to the kerf geometry.
Through the placement of the 1llumination light source and
guidance ol the illumination light, i1llumination can be
carried out through the exit opening 112. For good 1llumi-
nation of the process zone and the highest possible 1llumi-
nation light yield, parallel beam propagation of the 1llumi-
nation light 1s also beneficial, which can be achieved with a
collimation lens as the optical element 124. The optical
clement 124 can alternatively be a focusing lens that is
adjustable and can be used to focus the camera on the
process zone. If the illumination light source 118 and the
camera 114 are approximately the same distance from the
process zone, as in the example 1n FIG. 5, a similar focusing
can advantageously be achieved for both by means of the
focusing lens 124.

The machining laser source 120 in the present example
has a power ol approximately 12 kW and generates the
machining laser beam having a central wavelength of 1070
nm. A narrow-band and spatially directed light source, in the
present example a diode laser, also called a laser diode, 1s
used as the i1llumination light source 118. This sends out
linearly polarised light. In the present example, the 1llumi-
nation light source 118 1s operated with a power of approxi-
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mately 1000 mW and generates the 1lluminating laser beam
128 with a central wavelength of approximately 638 nm,
with a wavelength band of 6 nm. Alternatively, 1llumination
light sources can be used which generate a linearly polarised
laser beam 1n a wavelength range from 400 to 1000 nm. The
power of the 1llumination light source can be adjustable.
Depending on the power of the machining laser source
and/or the nature of the workpiece, different 1llumination
powers can be advantageous. For example, the 1llumination
light source can be adjustable between approx. 100 and 2000
mW. In further alternatives, light sources with a downstream
polariser can also be used. In the present example, the
polarisation direction of the illumination light beam 128
emitted by the diode laser 1s the s-polarisation.

The polarising beam splitter 116 1s formed from a dielec-
tric material and 1s commercially available. Linearly polar-
1sed light 1s released 1n a single plane (of light propagation)
and reflects the light i the plane (of light propagation)
orthogonal thereto. This mode of operation 1s wavelength-
selective. In the present case, the polarising beam splitter
116 1s selected such that it has the described mode of
operation 1n the wavelength range specified by the diode
laser. The beam splitter 116 1s installed and rotationally
aligned with respect to the central axis of the beam path of
the 1llumination light beam 128 and relative to the plane of
polarisation of the i1llumination light beam 128, such that
approximately 100% of the emitted s-polarised illuminating
light 1s reflected at the beam splitter 1n the direction of the
exit opening 112.

A Quarter-wave plate made of birefringent crystalline
quartz 1s provided for the present example as the retardation
plate 117 arranged between the polarising beam splitter 116
and the exit opening 112. In the present example, the
Quarter-wave plate 117 1s also the optical element of the
guide optics that 1s closest to the exit opening 112. In this
way, the Quarter-wave plate 117 1s installed after optional
turther 1maging optics of the guide optics, such as the lens
124 shown i FIG. 5, and after boundary surfaces of the
guide optics. The Quarter-wave plate 1s mstalled 1n such a
way that the emitted s-polarised i1lluminating light passing,
through the Quarter-wave plate 1s converted nto circularly
polarised 1lluminating light.

The Quarter-wave plate belongs to the component group
ol optical retardation plates or waveplates. In general, such
optical components can change the polarisation and phase of
clectromagnetic waves passing through, in particular light.
This makes use of the fact that light propagates with
different wavelengths 1n suitably oriented bireiringent mate-
rial, depending on the position of the polarisation plane.
In the present example, the Quarter-wave plate 117 1s
selected and arranged 1n such a way that the linear polari-
sation of the impinging emitted s-polarised illumination
light beam 128 1s converted into a left-circular polarisation.
The Quarter-wave plate 117 1s rotationally aligned with
respect to the central axis of the beam path of the 1llumi-
nation light beam 128 and relative to the plane of polarisa-
tion of the impinging emitted i1llumination light beam so that
approximately 100% of the linearly s-polarised illuminating
light 1s transmitted and 1s converted into left-circularly
polarised 1lluminating light. The mode of operation of the
Quarter-wave plate 1s wavelength-selective. In the present
example, the lambda plate 116 1s matched to the wavelength
range specified by the diode laser.

As shown schematically i FIGS. 6a and 6b, when the
machining head 100 1s 1n operation, the s-polarised 1llumi-
nation light beam 128 emitted by the illumination light
source 118 1s approximately 100% reflected and deflected at
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the polarising beam splitter 116 in the direction of the
Quarter-wave plate 117 and the exit opening 112. The
Quarter-wave plate 117 converts approximately 100% of the
s-polarisation of the illumination light beam 128 into a
circular polarisation, 1 the present example mto a left
circular polarisation. The left circularly polarised 1llumina-
tion light beam 128 propagates further through the exat
opening 112 to the workpiece 24. The i1llumination light
beam 128 i1s reflected there, wherein a circular polarisation
1s retained, only the direction of the left circular polarisation
1s changed to right circular.

The Quarter-wave plate 117 1s designed and aligned 1n
such a way that approximately 100% of the transmaitted right
circularly polarised illuminating light 1s converted into p-po-
larised light. Furthermore, the beam splitter 116 1s designed
and aligned in such a way that at least 80% of the impinging
p-polarised i1lluminating light 1s transmitted.

On the way back, the illumination light beam 128
reflected by the workpiece 24 again passes through the
Quarter-wave plate 117, the night circular polarisation
thereol being converted into a linear polarisation. The plane
of polarisation of the linearly polarised illumination light
beam 128 1s now perpendicular to the plane of polarisation
of the emitted linearly polarised 1lluminating beam 128. The
linear polarisation of the emitted i1llumination light beam
128 1n the direction of propagation in front of the Quarter-
wave plate 117 1s an s-polarisation in the present example.
Correspondingly, the orthogonal (perpendicular) linear
polarisation 1s the p-polarisation. The illumination light
beam 128 reflected by the workpiece and transmitted
through the Quarter-wave plate 1s thus p-polarised. The
polarising beam splitter 116 1s at least 80% transparent for
the p-polarised illumination light beam 128.

For illustration, FIG. 656 shows schematically how the
polarisation states change along the beam path of the illu-
mination light beam 128. The direction of propagation of the
illumination light beam 128 to the workpiece 24 1s shown
with the arrow 130. The arrow 132 corresponds to the
direction of propagation of the i1llumination light beam 128
reflected from the workpiece to the camera 114. In the
direction of propagation 130, the illumination light beam
128 1s s-polarised between the 1llumination light source 118
and the Quarter-wave plate 117. After passing through the
Quarter-wave plate 117, the illumination light beam 128 1s
polarised 1n a left-circular manner 1n the direction of propa-
gation 130. After reflection on the workpiece 24, the 1llu-
mination light beam 128 is polarised i a rnight-circular
manner 1n the direction of propagation 132. After passing
through the Quarter-wave plate 117, the illumination light
beam 128 is p-polarised, passes the polarising beam splitter
116 1n the direction of propagation 132 and finally reaches
the camera 114.

Since almost 100% of the emitted illumination light beam
1s detlected at the polarising beam splitter 116, almost 100%
of the emitted or reflected i1llumination light beam 1s con-
verted by the Quarter-wave plate 117, and more than 80% of
the reflected illumination light beam 1s transmitted at the
beam splitter 116 to the camera 114, so that a high propor-
tion, for example 80% to 100%, of the i1llumination light
beam 128 originally generated with the i1llumination light
source 118 can be used for monitoring the machining
process. The illumination light yield for monitoring the
machining process 1s therefore maximised with the machin-
ing head 100.

In the present example, the fact that the Quarter-wave
plate 117 1s installed in the beam path of the emuitted
illumination light beam 128 as the last optical element of the
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optical guide means that the monitoring of the machining
process 1s highly meaningful. Thus, the Quarter-wave plate
117, 1n cooperation with the polarising beam splitter 116,
enables interfering reflections from optical interfaces of the
emitted s-polarised illumination light beam 1n the direction
of the camera 114 to be avoided. IT interfering reflections of
the 1llumination light beam 128 occur between the 1llumi-
nation light source 118 and the Quarter-wave plate 117, the
polarisation thereotf 1s not changed. However, retlections of
the s-polarised illuminating light are not transmitted by the
polarising beam splitter 116, but rather are retlected and thus
do not reach the camera 114.

In addition, due to the guide optics with the polarising
beam splitter 116 and the Quarter-wave plate 117, interter-
ence of the emitted and reflected i1lluminating light 1s
avoided. Since the polarisation of the illumination light
beam 128 1s different 1n the direction of propagation 130 and
in the direction of propagation 132 (s or p polarisation and
right/left circular), these rays only interfere mimimally or
interference 1s avoided.

LIST OF REFERENC,

L1

SYMBOLS

10 Laser cutting head

12 Exit opening

14 Camera

16 Beam splitter

18 Illumination light source

20 Machiming laser source

22 Dichroic mirror

24 Workpiece

28 Illumination light beam

29 Reflection points

30 Kert

32 Reflection

100 Machining head

102 First iterface

104 Second interface

106 Third interface

112 Exit opening

114 Detector device, camera

116 Polarising beam splitter

117 Retardation plate, Quarter-wave plate
118 Illumination light source, diode laser
120 Machining laser source

122 Dichroic mirror

124 Lens, optical element

125 Shutter

128 Illumination light beam

129 Machining laser beam

130 Arrow, direction of propagation
132 Arrow, direction of propagation

The 1nvention claimed 1s:

1. A machining head for laser cutting of a workpiece,

comprising:

a first interface for a machiming laser source for emitting,
a machining laser beam;

a second interface for an illumination light source for
emitting a linearly polarised i1llumination light beam:;

an exit opening for the machiming laser beam and the
illumination light beam;

a third interface for a detector device for detecting the
illumination light beam reflected from the workpiece;
and

guide optics for at least partial coaxial guiding of the
emitted 1llumination light beam through the exit open-
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ing and of the illumination light beam reflected from
the workpiece, through the exit opening, to the third
interface;

the guide optics including

a polarising beam splitter for guiding at least part of the

emitted linearly polarised i1llumination light beam 1n a
direction of the exit opening; and

a retardation plate arranged between the polarising beam

splitter and the exit opening, for converting at least a
portion of the emitted linearly polarised i1llumination
light beam 1nto a circularly polarised 1llumination light
beam and for converting at least a portion of the
circularly polarised illumination light beam retlected
from the workpiece into a linearly polarised 1llumina-
tion light beam:;

wherein a machining laser optics 1s arranged between the

guide optics and the exit opening;

wherein

the retardation plate 1s an optical element of the guide

optics closest to the exit opening; and

the guide optics further includes at least one optical

clement for collimating and/or focusing the 1llumina-
tion light beam 1s positioned between the retardation
plate and the polarising beam splitter.

2. The machining head according to claim 1, wherein the
second interface 1s connected to or provided with an 1llu-
mination light source for emitting a linearly polarised 1illu-
mination light beam.

3. The machining head according to claim 2, wherein the
polarising beam splitter and the retardation plate are each
selective for a wavelength range of the illumination light
beam.

4. The machining head according to claim 2,

wherein the polarising beam splitter 1s designed and/or

aligned for deflecting and/or reflecting more than 90%
of the linearly polarised illumination light beam 1n a
direction of the retardation plate; and/or

wherein the polarising beam splitter 1s designed and/or

aligned to transmit at least a part of the i1lluminating
light reflected from the workpiece.

5. The machining head according to claim 1, wherein the
retardation plate 1s configured as a Quarter-wave plate.

6. The machining head according to claim 2,

wherein the retardation plate 1s designed and/or aligned

for converting the emitted linearly polarised 1llumina-
tion light beam into a circularly polarised 1llumination
light beam; and/or

wherein the retardation plate 1s designed and/or aligned

for converting the circularly polarised 1llumination
light beam reflected from the workpiece nto a linearly
polarised illumination light beam:;

wherein the retardation plate 1s designed and/or aligned

for converting a polarisation plane that 1s perpendicular
to a polarisation plane of the emitted linearly polarised
illumination light beam into the linearly polarised 1llu-
mination light beam.

7. The machining head according to claim 1,

wherein the first interface 1s connected to or provided with

a machining laser source for emitting a machining laser
beam; and/or

wherein the third interface 1s connected or provided with

a detector device for detecting the illumination light
beam reflected from the workpiece through the exat
opening.

8. The machining head according to claim 1, wherein the
guide optics and the machining laser optics are configured to
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guide the illuminating laser beam and the machining laser
beam coaxially through the exit opening.
9. The machining head according to claim 1,
wherein the exit opening and the third interface for the
detector device are arranged to be coaxial with respect
to a direction of an incidence of the machiming laser
beam on the workpiece; and/or
wherein the exit opening 1s formed to be circular and/or
has a diameter of 0.8 to 6 mm.
10. A machining device for laser cutting of a workpiece,
having a machining head according to claim 1.
11. A method for laser cutting of a workpiece with a
machining head according to claim 1, comprising;:
emitting a machining laser beam from a machining laser
source at a first interface of a machining head and
irradiating a machining zone of a workpiece with the
machining laser beam through an exit opening of the
machining head;
emitting a linearly polarised 1llumination light beam from
an 1llumination light source at a second interface of the
machining head;
guiding the emitted 1llumination light beam by the guide
optics of the machining head through the exit opening
and 1lluminating the machining zone of the workpiece,
and guiding the i1llumination light beam reflected from
the workpiece through the exit opeming by the guide
optics to a detector device at a third interface of the
machining head, wherein the emitted and the reflected
illumination light beam are guided at least partially
coaxially;
wherein the guide optics include a polarising beam splitter
and a retardation plate arranged between the polarising
beam splitter and the exit opening;
wherein, by the polarising beam splitter, at least part of the
emitted linearly polarised illumination light beam 1s
guided 1n a direction of the exit opening, and 1n a
direction of the retardation plate; and
wherein, by the retardation plate, at least part of the
emitted linearly polarised illumination light beam 1is
converted into a circularly polarised 1llumination light
beam and at least a part of the circularly polarnised
illumination light beam reflected from the workpiece 1s
converted 1nto a linearly polarised illumination light
beam;
wherein at least one optical element of the guide optics,
which 1s positioned between the retardation plate and
the polarising beam splitter, collimates and/or focusses
the emitted linearly polarised illumination light beam
and the converted linearly polarised illumination light
beam.
12. The method according to claim 11,
wherein the polarising beam splitter and the retardation
plate are each selectively selected or adjusted for a
wavelength range of the illumination light beam and/or
for a wavelength range around a wavelength of the
illumination light beam.
13. The method according to claim 11,
wherein the polarising beam splitter deflects and/or
reflects more than 90% of the linearly polarised illu-
mination light beam 1n a direction of the retardation
plate; and/or
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wherein the polarising beam splitter transmits more than
80%, of the i1llumination light reflected by the work-
piece 1n a direction of the third interface.

14. The method according to claim 11,

wherein a Quarter-wave plate 1s selected as the retardation

plate; and/or

wherein the retardation plate converts more than 90% of

the emitted linearly polarised i1llumination light beam
into a circularly polarised illumination light beam;
and/or

wherein the retardation plate converts more than 90% of

the circularly polarised illumination light beam
reflected from the workpiece into a linearly polarised
illumination light beam, wherein a plane of polarisation
of the linearly polarised illumination light beam 1s
perpendicular to a plane of polarisation of the emitted
linearly polarised illumination light beam.

15. The method according to claim 11, further comprising

machining of the workpiece with the machiming laser

beam; and/or

detecting, with the detector device, at least a part of the

illumination light beam reflected from the workpiece
through the exit opening which i1s retlected from the
workpiece and converted with the retardation plate mto
the linearly polarised 1llumination light beam; and/or
wherein at least one optical element of the guide optics,
which 1s positioned between the retardation plate and
the polarising beam splitter, 1s set to sharply image at
least a part of a process light emitted by the workpiece
and/or at least a part of the converted linearly polarised
illumination light beam onto the detector device,
whereby the emitted linearly polarised illumination
light beam 1s sitmultaneously directed, focussed, and/or
collimated, onto the machining zone of the workpiece.

16. The machining head according to claim 3, wherein the
wavelength range 1s around the wavelength of the 1llumi-
nation beam.

17. The machining head according to claim 4, wherein the
polarising beam splitter 1s designed and/or aligned to trans-
mit more than 80% of the i1lluminating light reflected from
the workpiece 1n the direction of the third interface.

18. The machining head according to claim 6, wherein the
retardation plate 1s designed and/or aligned for converting
more than 90% of the emitted linearly polarised 1llumination
light beam into a circularly polarised illumination light
beam; and/or

wherein the retardation plate 1s designed and/or aligned

for converting more than 90% of the circularly polar-
ised 1llumination light beam reflected from the work-
piece 1nto a linearly polarised 1llumination light beam.

19. The machining head according to claim 7, wherein the
detector device 1s configured for detecting the 1lluminating
light linearly polarised by the retardation plate.

20. The method of claim 15, further comprising detecting
at least a part of the circularly polarised illumination light
beam which 1s reflected from the workpiece and converted
with the retardation plate into the linearly polarised 1llumi-
nation light beam.
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